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ABSTRACT 

The objective of this wor~ is to study the electrical and 
f;.\-("' -4 ,._ " :;-

optical properties of hydrogenated amorphous silicon using the 

constant photocurrent method {CPM}. The absorption 

coefficients have been obtained for both undoped and 

phosphorus-doped a-Si: H films. The CPM spectrum has been 

compared with the absorption spectrum obtained from 

photothermal deflection spectroscopy. Some important 

parameters, such as the yrpac~ energy, optical gap, and defect 

density, have been obtained from the CPM spectrum. The light 

induced creation of defects has been investigated for 

different exposure times at 100 mWfcm2 illumination intensity. 
:li.\-. -iJ . ~ '~ ' 

These light induced defects can be annealed out by heating the 
. -

sample to above 150 - 200°C. The experimental data agree with 

the bond breaking model. According to this model, the weak Si-

si bonds in the matrix are broken, or altered, followed by 

local atomic rearrangement into metastable equilibrium. 
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CHAPTER 1 

INTRODUCTION 

During the past twenty years the subject of amorphous 

semiconductors has progressed from almost total obscurity to 

attainment of device structures, such as solar cells, flat 

panel displays and optical memories that are now commercially 
,...'-'ai ·dv-o.J,: t'\E: t;61 

available. Among them, hydrogenated amorphous silicon (a-Si:H) 

has attractive properties such as continuously adjustable band 

gap, a usable carrier lifetime, efficient optical transitions, 
"'-h.. 

;f "'{' .;f--, 

and capability of employing either type of dopants. In 

addition to these properties, hydrogenated amorphous silicon 

can be fabricated very easily as a thin film by a technology 

which is considerably cheaper and less sophisticated than the 

one required for (J ' crystalline silicon. As a result, 

hydrogenated amorphous silicon has been used for very large 

scale applications such as solar panels for irrigation and 

remote electrification. 

On the other hand, the amorphous silicon has a 
-+ •.J.. " - . ~ 'J-~1)---t IJ.~',::IJL 

"depressing" property: light induced metastability. The 

metastability is that its electronic structure and defect 

density will change under prolonged illumination or heating at 

high temperature. Because of inadequate understanding of the 

electronic phenomena in amorphous silicon materials, it still 

hampers the solution of this problem and still imposes severe 

limitations for device purposes in many application fields. 

1 



2 

The important difference between crystalline and 

amorphous semiconductors is that the amorphous semiconductors 

have short-range order and lack long-range order in their 

structures. The structural disorder influences the electronic 

properties in several different ways. The similarity of the 
~ '--\ V) 

covalent silicon bonds in crystalline and amorphous silicon 

leads to a similar overall electronic structure: amorphous and 

crystalline phases of the same material tend to have 

comparable band gaps. The disorder represented by deviations 

in the bond lengths and bond angles broadens the electron 

distribution of states and causes electron and hole 
t3 .. J ~'< Ji (., 

localization. Structural defects, such as under or over 
:{it. 

coordinated atoms, strained bonds and impurities, have 

corresponding electronic states which lie in the band gap. The 

possibility of alternative bonding configurations of each atom 

leads to a strong interaction between the electronic and 

structural states and causes the phenomenon of metastability 

[ 1] . 

It should be emphasized that the structural defects with 

electronic states in band gap control the electronic transport 
-t_~a 

and recombination properties. So, the defect density of states 

is important in determining the quality of the material. In 

hydrogenated amorphous silicon, for example, material with a 

gap-state defect density at or below 1016 cm-3 produces high 

efficiency solar cells, while performance is quite poor for 
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densities above 5 x 1016 cm-3 [2]. Thus accurate determination 

of the defect density is very critical. 

Of the various experimental techniques for measuring the 

density of defect states in a-Si:H, optical absorption for 
j" ~ 1 Vy I .J, 

photon energies less than the mobility gap determined by 
; ... 

constant photocurrent method (CPM) offers seve~al advantages. 

First, it can be performed on both doped and undoped films. 

~ Second, it is only bulk sensitive in the region of low photon 

energy. Third, it is capable of measuring the absorption 

coefficient down to 10-2 cm-1 and provides a very sensitive 

measurement for films. 

The objective of this work is to carry out absorption 
-f~ I, 
t·~ 

measurements on intrinsic and P-doped a-Si:H films for 

obtaining some important parameters such as optical band gap, 

Urbach energy, density of states, and to investigate the 

effects of light illumination and annealing on the defect 

density of states. 



CHAPTER 2 

HYDROGENATED AMORPHOUS SILICON 

2.1 Structure and Electronic Features of a-Si:H 

The lack of long range order is the main feature which 

distinguishes amorphous from crystalline materials. Generally, 

the structure of amorphous silicon can be classified into a 

continuous random network {CRN) appropriate to the structure 

of covalent type rna ter ials {Fig. 2 . 1) [ 1) . In the CRN, the 

nearest neighbor separation and bond lengths are nearly equal 

to those in crystalline silicon. The bulk atomic structure of 

a-Si is such that on average a Si atom has four others around 

it at the same distance {as in a crystal) forming a regular 
,l;:J,v~r-

tetrahedron. Each of these atoms in turn has three more 

neighbors, similarly arranged, giving rise to a well-defined 

second shell of 12 atoms, none of which is a neighbor to any 

other. The structural data show that the resemblance of a-Si 

to crystalline Si ceases beyond the second shell [3). 

Experimentally, techniques such as X-ray diffraction or 

neutron diffraction can be used to quantitatively determine 

the absence of long-range order in a-Si: H. Figure 2. 2 [ 4] 

shows the results of electron diffraction experiments on 

crystalline and amorphous silicon. From the figure, we can 

easily find that the well known structure of crystalline Si 

can be described as a central Si atom surrounded by four 
0 

nearest neighboring Si atoms 2.35A away, forming a regular 

4 
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Schematic of a continuou~ random network containing 
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0 

tetrahedron, and there is a second neighbor shell 3.84A away 
• 0 

and th1rd neighbor shell 4.5A away from the central atom. In 

the case of a-Si, the second neighbor peak itself is diffused 

and the third neighbor peak is almost undetectable. This 

clearly indicates that even though the nearest environment is 

tetrahedral, there is disorder in second neighbor shell and 

almost no dihedral-angle order. The typical bond-angle spread 

observed in a-Si is ±10° from the ideal 109.5° and dihedral 

angle (average) is substantially different from the ideal 60° 

(5]. 

The three principal features of the structure of 

amorphous semiconductors are the short-range order of an ideal 

network, the long-range disorder, and the coordination -- - -~- - -----·-de~~~The preservation of short-range order results in a 

similar overall electronic structure for an amorphous material 

compared to the equivalent crystal. The abrupt band edges of 

a crystal are replaced by broadel')~d-~ails extending into the 

forbidden gap (see Fig. 2.3). The width of these tails depends 

on the deviations in the bond length and angle. The b~nd tails 

are most important despite their relatively small 

concentration, because electronic transport occurs at the band 

edges. The coordination defects mainly produce dangling bonds 

[6], which are point defects introduced due to unsatisfied 
\ ~~~~ I-'J" 

bonds of a tetravalently bonded silicon atom. The defects 

result in electronic states deep within the band gap. These -
defects determine many electronic properties by controlling 
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\!.~_,~, 
trapp~ng and recombination. With the addition of hydrogen, the 

density of localized states in the band gap decreases. This 
1:\ 

;1, ' 

happens because the hydrogen passivates dangling bond states, 

usually by terminating silicon bonds. Furthermore, hydrogen 

modifies the structure to make the over-constrained 

tetrahedral network of Si more flexible to satisfy most of the 

bonding requirements [ 6) . So, a sui table concentration of 

hydrogen in a-Si can reduce the number of defects and improve 

its structure. 

2.2 The Optical Absorption Edge of a-Si:H 

The spectral region of major interest for a semiconductor 

is in the vicinity of the absorption edge, since it can 

provide information on the optical gap, E9 , as well as on the 

density of states within the gap. Although amorphous 

semiconductors synthesized under different conditions often 

exhibit large differences in their optical properties, there 

remains remarkable agreement in the shape of the optical 

absorption edge. It is widely accepted that the optical 

absorption curves of amorphous materials exhibit three 

distinct regions, as shown in the plot of optical absorpt~on 

coefficient versus energy in Fig. 2. 4: a shoulder in the 

optical absorption (region A) for an 

exponential rise (region B) for 1 cm-1 S a < 103cm-1 , and a 

slowly varying region (region C) for a > 104 em - 1 • 
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The origin of region c is related to transitions between 

band to band and generally explained by using the virtual 

crystal model [ 7] . This model assumes that an atom in 

amorphous material has the same nearest and next-nearest 

neighbor bonding as in the corresponding crystal. With the 

additional assumption of parabolic bands (g (E) -E-1 / 2), the band 

to band optical absorption can be given by 

a= B (hw-E) 2 
nh(A) g 

(1) 

where, a is the absorption coefficient, E
9 

is the optical gap, 

n is the refractive index, and B is a constant on the order of 

From electroabsorption studies of a-Si:H, Janai et al. 

(8] suggested that the exponential rise in region B reflects 

the tailing of states into the gap due to fluctuations of bond 

lengths and bond angles. The exponential energy dependence of 

the absorption coefficient· a(E) in region B can be expressed 

by (9) 

(2) 

where E
0 

is the slope of the exponential tail (also called 

Urbach energy), and E1 and a0 are an experimentally determined 
----------- --
prefactors. 



12 

Generally, this region depends on the total {electron and 

hole) density of states and reflects the broadening of the 

bands due to deviations in bond lengths and bond angles. 

Commonly, the valence band tail is broader than the conduction 

band tail, and therefore dominates the total density of 

states. 

In region A, the subgap absorption is most sensitive to 

preparation conditions, such as deposition temperature, 

substrate temperature, gas pressure, and doping. Furthermore, 

even a~ter the deposition of the materials, ~~posure to light 

or high temperatures, will affect the subgap absorption 

significantly. 

The origin of the subgap spectral feature is related to 

midgap defect states. The optical absorption arising from ----· -- -·. - ~.- _._ _...., --
transitions involving defect states is weak due to the low 

defect densities as compared to the densities of conduction 

and valence band states. Optical transmission techniques_can 

not be used in this region due to low sensitivity. Highly 

sensitive techniques for measuring low values of the 

absorption coefficient, such as Photoacoustic Spectroscopy 

{PAS), Photothermal Deflection Spectroscopy {PDS), and 

constant Photocurrent Method {CPM), are used to provide 

information about the defect state density. 
j-~ ~\ 

N.M.Amer et al. (10) postulated that with a constant 
'i ~ t.J. ~ 

optical matrix element, the integral of the excess absorption 

in a-si:H, beyond that identified with an extrapolated Urbach 
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Figure 2.5 
Illustration of "excess absorption" represented 
by the shaded portion. 
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tail, should be proportional to the defect density. This 

"excess absorption" is described by the shaded portion in 

Figure 2.5. The density of defects can be calculated as 

where N9 is the defect density, C is the speed of light, n, 

the refraction index of Si, * m, the mass of electron, e 9 the 

effective charge of the defect, and aex is the excess 

absorption due to the subgap states. 

2.3 Light-induced Metastable Defects in a-Si:H 

In 1977, Staebler and Wronski found that in a-Si:H, 

defects can be created by prolonged illumination light and 

removed by annealing at temperatures above 150°C. Though the 

metastability (also called the Staebler-Wronski effect) has 

been studied widely, there.is still considerable debate about 

its origin and interpretation. This metastable property 

imposes severe limitations on the application of a-Si:H for 

some device purposes. For example, the efficiency of solar 

cells decreases by the exposure of sunlight. 

It is generally believed that the origin of the 

metastability is connected with the creation of b~k dangling 

bond defects. M.Stutzmann and W.B. Jackson used Electron Spin 

Resonance {ESR) and photoconductivity measurements to 

investigate the influence of many parameters, such as 
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illumination time, illumination intensity, annealing 

temperature, sample thickness, and impurity content on the 

metastability. They suggested that the metastable changes are --· 
~ue to the creation of dangling bonds resulting from breaking 

of weak Si-Si bonds [11]. 

The metastable defect creation and annealing can be 

described by the double potential well model in Fig.2.6 [12]. 

When the defect equilibrium is reached, the lower energy well 

(E0 , q 0) may represent the fully coordinated network, and the 

higher. energy well (E1 ,q1 ), a dangling bond defect. These two 

wells are separated by a potential barrier (V0 ,.4q0) which 

arises from the bonding energies. If the externally applied 

excitation can provide energies larger than the barrier, Eex 

> .4E+V0 , for instance, when the sample is under illumination, 

then stimulated transitions between the state q 0 and q 1 become 

possible. After the excitation is turned off, all states with 

E >> k 8 T will be frozen into the corresponding metastable 

' 
configuration. According to Street [1], the defect density, 

(N
5

, increases as the cube root of exposure time. The 

dependence on illumination intensity, G, is also non-linear, 

having a power close to 0.6 for the creation of metastable 

defects. Defect creation can thus be described by N9 -

const.G0.46t0.33. By annealing an illuminated sample at 

temperatures 150-200°C, the electronic properties of the 

sample can be restored. This can be explained as a relaxation 

into the equilibrium ground state q0 in the potential well 
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Figure 2.6 

Illustration of the potential Nell model. 
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model by providing sufficient thermal energy to cross the 

barrier. The kinetics of defect creation can also be explained 

by the recombination model proposed by stutzmann et al. in 

Fig.2.7 [11]. This model is based on the assumption that new 

metastable bonds are created by the fraction of nonradiative, 

direct tail-to-tail recombination transitions. The 

nonradiative transitions can provide, in the form of local 

phonons, the energy necessary to surmount the potential 

barrier of about 1 eV separating the stable ground state from 

the metastable defect state. In this model, the defect creation 

rate, dN/dt, is proportional to the recombination rate: 

dN, 
--D=Caf1P 
dt 

(4) 

where cd is a con~tant describing the creation probability, n 

and P are the electron and hole concentrations. The defect 

creation process represents only a small fraction of the 

recombination, most of which is by trapping at the dangling 

bond defects. So, the light induced effects are characterized 

by very slow creation. 



Ec--------------------~---------------------
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Figu!:"e 2.7 
Schematic of the recombination model used to 
explain the c~eation of defects by illumination. 
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CHAPTER 3 

THEORY OF THE CONSTANT PHOTOCURRENT METHOD 

The constant photocurrent method (CPM) gives a direct 

measurement of band tail absorption. The method was invented 

by Grimmeiss and Ledebo [ 13] for measuring the spectral 

dependance of ion scattering cross sections of deep impurities 

in crystalline semiconductors and applied to the investigation 

of deep levels in GaAs. 

Compared with other methods which measure absorption 

coefficient, such as Photoacoustic Spectroscopy (PAS), 

Photothermal Deflection Spectroscopy (PDS), the method of CPM 

has some attractive features. CPM is capable of measuring a 

down to values about 10-2cm-1 and provides a very sensitive 

measure of absorption coefficient of thin films. The method is 

only bulk sensitive in the range, ad << 1. The basic idea of 

CPM is that, If the photocurrent is kept constant, then 

recombination mechanism is unchanged, and response time and 

recombination life is not a function of energy. 

Generally, photocurrent is influenced by the sample and 

illumination geometry and the kind of electrical contacts 

[ 14] . When \ohmic contacts are used, for instance, coplanar 

contacts in a-Si:H samples, the photocurrent measured is the 

secondary photocurrent (Is,ph) • The secondary photocurrent can 

result from electrons, holes or both of them. If blocking 

contacts are used the photocurrent, called the primary 

19 
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photocurrent (Ip,ph), can flow only if both electrons and holes 

are extracted. ~ . 

••I ~-t- ·• i 

The electron part of the secondary photocurrent is given 

by 

(5) 

where e is the electron charge, N is the number of incident 

photons, ~ is the quantum efficiency, r 1 is the free carrier 
~i~; ,-s;· 

lifetime, J.Lo is the free carrier mobility, and F is the 

applied electric field. N(1-R)[1-exp(-ad)] is the number of 

photons absorbed in the sample with reflection coefficient R, 

absorption coefficient a, and sample thickness d. 

If ad << 1 , equation (5) can be simplified to 

(6) 

We can assume one dominant transport path for the whole 

CPM spectral range for whi6h the J.Lo(E) is constant. In order 
;~ i. 

to have r 1 (E)=r 1 =constant, the quasi-Fermi levels must be 

stabilized. When we keep the photocurrent constant, and assume 

one dominant recombination center and one major type of 

carrier, both quasi-Fermi levels are stabilized [ 15]. This can 

also be interpreted by using the relation: 

where n is the concentration of free electrons, Efn is the 

quasi-Fermi level for electrons, and Nc is the density of 
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states at the band edge Ec, K8 is the Boltzmann factor, and T 

is the temperature. At room temperature, Ec and Nc are 

constant. If photocurrent is kept constant, n is a constant. 

Therefore the quasi-Fermi level is stabilized and the number 

of recombination centers does not change. So the same set of 

recombination centers governs the free carrier lifetime during 

the whole measurement. The free carrier lifetime, r 1 , can be 

thought as a constant under the special condition mentioned 

above. For other parameters, R(E) and 11 , R(E) is a weak 

function of E and 11 is approximately equal to 1 in the 

temperature range from 150K to 300k [16]. So we can get: 

ex (E)= constant 
cpm N(E) 

(7) 

where N(E) is the number of photons necessary to keep Is,ph 

constant. 

Since CPM measures only those transitions which 

contribute to the photocurrent, it only can "see" transitions 

which create mobile carriers. These transitions are labeled in 

Fig 3.1 as follows (14]: (a) from the valence band tail to the 

conduction band; (b) from the valence band to the conduction 

band tail; and (d) from defect states in the midgap to the 

conduction band. These transitions are the only ones which 

excite electrons to the conduction band, and are the relevant 

transitions to CPM because electrons dominate the 

photocurrent. In order to calibrate the relative acpm spectra 
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Figure 3.1 
Illustration of possible transitions in undoped 
a-Si:H. ~ and ~ donate optical and thermal 
transitions, respectively. 



23 

to an absolute scale, we can match the CPM data to 

transmission results in the region above the energy gap (see 

the next chapter for details). 



CHAPTER 4 

EXPERIMENTAL SET-UP 

Our experimental setup is shown in Fig.4.1. We use a lens 

to focus the light from a 200W Tungsten-halogen lamp on the 

slit of a PTI model-1307 monochromator. Various filters are 

used to cut off the higher order diffraction lines. The 

intensity of the light on the sample is controlled by 

adjusting the voltage for the ~ower supply of the light source 

or using neutral density filters. The photocurrent is measured 

using a Keithley model-485 picoammeter and is kept constant at 

different wavelengths by changing the neutral density filters 

and the voltage of the power supply of the light source. After 

recording power supply voltage which is needed to keep the 

photocurrent constant at different wavelengths, the sample is 

replaced by a liquid nitrogen cooled Ge-detector. The 

intensity of light is then measured at corresponding voltages 

and wavelengths. The number of photons needed to keep the 

photocurrent constant is then calculated from the intensity of 

the light. In order to raise the sensitivity, a linear 

preamplifier is used with the detector. 

The measurements are started at the long wavelength side, 

because the photocurrent is small due to lower absorption in 

this region. The intensity of light is varied until the ratio 

of photocurrent to dark current is above an order of magnitude 

at the longest wavelength (typically about 1459 nm). This 

24 
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value of photocurrent is kept constant over the whole 

wavelength range (1459nm - 577nm) by changing the intensity of 

light or using neutral density filters. It is very important 

to allow to the photocurrent to stabilize before recording 

data. 

In order to set relative CPM spectrum to the absolute 

scale, the optical transmission spectrum of the sample is 

measured by a double beam Perkin Elmor model UV-265 

spectrophotometer. In order to account for substrate 

absorption, a Corning 7059 glass, which is the same as the 

substrate of the samples, was used as a reference in our 

measurements. 

The absorbance coefficient A from the transmission 

measurement is defined as Log(Ii/I0 ) = A, where the Ii and I 0 

are incident and transmitted light intensities, respectively. 

Using Lambert-Beer's law, we have I 0 = Iiexp(-ad). Solving 

these two equations for the absorption coefficient a yields: 

AlnlO a=-----
d 

(8) 

where d is the thickness of the sample. 

In our experiment, we used two samples which were 

prepared at the University of Kaiserslautern. These samples 

were prepared by the glow discharge technique at 250°C 

substrate temperature. The samples have two chromium 

electrodes with a spacing of o.smm. As can be seen from the 
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ratio of aph/adark in Table 4.1, these films are device quality 

films. 

Table 4.1 Sample Specifications 

Sample A Sample B 

Thickness . 1n J..Lm 2.0 1.14 

NPH3/NsiH4 0 6.9% 

(n-1 -1> 0 oark em 6.33E-10 6.60E-7 

a Ph (n-1cm-1) 3.02E-5 1.36E-3 

0 Ph/ 0 oark 4.77E4 2.06E3 



CHAPTER 5 

RESULT$ AND DISCUSSION 

In our experiment, the absorption spectra of two a-Si:H 

thin films are measured by the CPM method. The specifications 

of the samples are shown in Table 4. 1. The effects of 

illumination and annealing on these samples are also 

investigated. Some important parameters, such as optical gap 

E9 , Urbach energy E0 , and dangling bond density N
5

, are 

obtained from the CPM spectrum. The CPM spectrum is compared 

with the absorption spectrum obtained with Photothermal 

Deflection Spectroscopy (PDS) and the surface state density of 

defects N
55 

is obtained. 

Using equation (7), the absorption coefficient acpm for 

sample A and sample B is calculated in the energy region from 

o. 85eV to 2. 15eV. After matching the spectra with transmission 

results, their CPM spectra are shown in the Figs.5 .. 1 and 5.2. 

In the plots of loga verses energy, the linear portions of the 

curves were used to obtain Urbach energy using equation (2). 

Fig. 5. 3 and 5. 4 are the plots of ( aE) 112 versus energy for 

sample A and sample B, respectively. In these curves, best 

straight line fits were obtained in the energy region for 

which a is above 103 CM-1 • According to equation ( 1), the 

intercept with energy axis at aE=O, gives the value of the 

band gap, E9 • 

28 
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Table 5. 1 presents the optical band gap (E
9

) , Urbach 

energy (E0 ) and the regression coefficients for the best fit 

of the data for sample A and sample B. The E
9 

and E
0 

values 

for these samples are the typical values for good quality 

a-Si:H films. 

Table 5.1 

Optical gap and Urbach energy of sample A and sample B 

E9 (eV) Regression E0 (eV) Regression 

Coef.of Eg Coef.of Eo 

Sample A 1.64±.005 0.938 .053±.0003 0.997 

Sample B 1.65±.004 0.990 .054±.0002 0.983 

Figure 5.5 compares the CPM and PDS spectra of sample A. 

The PDS spectra were measured at the University of 

Kaiserslautern. The shape of the CPM absorption curve is 

similar to the PDS curve with one important difference: the 

CPM absorption curve drops below the PDS curve at photon 

energies below the band gap. The main reason for this is that, 

when the photocurrent in the coplanar configuration of 

electrodes is carried through the sample, the contribution of 

a defective surface layer to the photocurrent is much smaller 

than that of the bulk in the region of low photon energy 

because of surface recombination [ 17] . Since CPM assumes 

absorption is inversely proportional to the intensity required 

to maintain constant photocurrent, the argument can be turned 
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around: carriers generated near the surface have a reduced 

contribution to photocurrent and surface state absorption will 

hardly be seen at all in the region of low photon energy. This 

means CPM will be relatively insensitive to the surface. PDS 

is "all-seeing" in the sense that any level that can have an 

electron lifted in or out of it, whether it is at the surface 

or in the bulk, should be observable [ 2] . In general, the 

bands will be bent in the region near the surface, the 

direction of band bending at the exposed surface can depend 

critically on the nature of surface absorbance. 

According to Jackson and Amer (10], the integral of this 

"excess" band-defect absorption should be proportional to the 

defect density. D.Slobodin compared CPM and ESR (Electron Spin 

Resonance) on glow discharge a-Si:H films, and modified the 

prefactor in equation (3) and yielded [2] : 

(9) 

using equation (9) and the Simpson integration method, 

the defect densities for sample A and sample B are 

N =9.3Xl015cm-3 and N 8=3.4Xl017cm-3 , respectively. From our s,A s, 

data, we find the defect density of sample B is more than one 

order higher than that of sample A. The main reason for this 

is the introduction of P-doping. As Stutzmann has pointed out 

that, doping of a-si:H can lead to doping-induced changes of 
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the electronic density of states near the center of the band 

gap, i.e., changes in the density of deep defect levels [22]. 

Since CPM can only find the bulk defects and PDS can 

detect both the bulk and surface defects, equation (3) and (9) 

give us a general program for separating bulk and surface 

defect densities. Using the CPM spectrum and equation (9), one 

can find the bulk density, Ndef(bulk), and use the PDS 

spectrum and equation (3) to give the bulk + surface defect 

density, Ndef(effective). Then the surface density, N
99

, can 

be obtained by 

N = (Neff_Nbulk) d 
ss s s 

(10) 

where d is the film thickness. From the PDS spectra, the 

defect densities for sample A and Bare Ns,A = 1.8xlo16cm-3 and 

N 8 = 7.3xlo17cm-3 , respectively (the data are offered by the s, 

University of Kaiserslautern). By using equation {10), the 

surface densities for sample A and sample B, Nss,A' Nss,B are 

l.Sxlo12cm-2 and 4.4xlo13cm-2 , respectively. In order to find 

differences between the intrinsic and P-doped a-Si:H films 

conveniently, we list the data in Table 5.2 below: 
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Table 5.2 

Defect densities of sample A and sample B 

Sample A Sample B 

N8 (bulk+surf.) 1.8E16cm-3 7.3E17cm-3 

N8 (bulk) (9.26±.03)E16cm-3 (3.44±.05)E17cm-3 

N88 (surf.) (1.75±.03)E12cm-2 (4.40±.05)E13cm-2 

In Fig.5.6, we show several absorption curves of sample 

A illuminated by Xenon arc lamp source for different exposure 

times at room temperature (the intensity of light is 100 

mW(cm)-2 ). From the Figure, we can find that these absorption 

curves do not change much except in the low energy region. 

Using Eq.2 and Eq.9, the Urbach energy E
0 

and defect density 

N
8 

are obtained and shown in Table 5.3 below: 

Table 5.3 

Defect densities of sample A for different exposure times 

Exposure Time E0 (eV) Ns 

1 HR. 0.054±.0006 (1.91±.05)E16 

2 HR. 0.055±.0003 (2.30±.03)E16 

3 HR. 0.055±.0005 (2.84±.06)E16 

5 HR. 0.055±.0003 (2.96±.04)E16 

10 HR. 0.055±.0004 (3.04±.06)E16 



38 

II:) 

0 
~~ =-----------------,----------------------------------------------------~ = -

-
-

I() 

0-= 
-r-= 

= --
-

v o_ 

Exposure T!me 

o =I Hr. 

~ = 2 Hr. 

+ = 3 Hr. 

X= 5 Hr. 

O=IOHr. 
,_=1-------------------1. 

= ---
-

.... 
:.-.. -
E"'o_ 
0 ...-= .....__ = u : 

-
-

.-0-:: 
..,..-:: 

= ---
-

0 

0~ ...- -= = ---
..... -

I 

0-= T-"= 
: 
--

0 

I 
0 

X 
..L.O 
6 

0 
N -

Ia 
~-t.----------~----------~~----------~----------~.----------------------~ 

0.4 0.8 1.2 1.6 2.0 2.4 2.8 

E(eV) 

Figure 5.6 
Absorption ~pectra of sample A after different exposure 
times to 100 rnW(cm)- 2 • 



39 

From the table, we find that the Urbach energies change 

very slightly as the exposure time increases. The result is 

consistent with that from PDS [10]. In the region below 1.5 

eV, the absorption curves move up as the exposure time 

increases. The phenomenon shows the defect creation which is 

mainly related to the increase of the number of dangling 

bonds. From the change of defect densities at different 

exposure time, we can find the rate of defect creation is not 

linear. Although the rate of defect creation goes down after 

3 hours exposure, there is still no sign to show saturation or 

reach a steady state. By fitting the time dependence of defect 

density N5 , we find that the defect density N
5 

increases as a 

function of time, N5 {t) ~ t 0 • 29 • From experimentally observed 

creation of additional Si dangling bonds, we can make two 

plausible deductions. The first is that the weak Si-Si bonds 

are broken as a consequence of illumination. The si-H bonding 

energy is too high {3.5 eV) [19] for bond breaking to occur at 

photon energies as low as 1.5 eV. The second is the Staebler

Wronski effect is predominantly a bulk effect, because the CPM 

deduced subgap a is only bulk controlled. 

In Fig.5.7, we compare the absorption spectrum of sample 

A after annealing for 1 hour at temperature 200C0 in dark with 

the absorption spectrum after 10 hours exposure at 100 mWjcm2 

{room temperature) . Some parameters of sample A which are 

derived from the spectra are compared with the initial state 

of the sample as shown in Table 5.4 below: 
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Table 5.4 

Comparison of E9 , E0 and N9 of initial state of sample A with 
those after 10 nr. exposure and 1 hr. annealing 

Sample A Eg Eo Ns 

Initial 1.64±.005 0.054±.0003 (9.26±.04)E15 

10 Hr.Exp. 1.64±.002 0.055±.0004 (3.04±.06)E16 

( 100mW 1 cm2) 

Annealing 1.64±.003 0.055±.0004 (8.20±.03)E15 

( 2 OOC0
) 

The spectra and data show a clear and reproducible 

enhancement in gap-state absorption after illumination. 

Annealing at 200C0 reduces the density below the initial value 

indicating that the initial state of the sample was not the 

deposited condition. It also indicates that the created 

defects have been eliminated due to annealing. 



CHAPTER 6 

CONCLUSIONS 

We have used CPM to obtain the absorption spectra for 

both undoped and phosphorus-doped a-Si:H films. The optical 

gap, E9 , Urbach energy, E
0

, and defect density, N
9

, are 

obtained from the analysis of the spectra. comparing our data 

(initial state) with the results from PDS for undoped sample 

A and P-doped sample B, we find the magnitude of E
9 

and E
0 

are 

nearly the same except the defect density N
9 

(they are shown 

in the appendix). As discussed previously, the reason is that 

these two methods have different sensitivities for the surface 

and bulk of the films and detect different transitions in the 

low energy region. From the experimental description and the 

results, we can also find that the CPM is a sensitive and 

efficient tool for studying thin films of a-Si:H. 

In the study of light induced metastability of a-Si:H, we 

have found that the increase in the density of dangling bonds 

is nonlinear. It obeys a power law with an exponent of 0.29 of 

the illumination time. The result is in good agreement with 

the literature. For the creation of additional Si dangling 

bonds at different illumination times, we have found, that in 

the energy region below 1.5 eV, the absorption curves move up. 

This means that the defect density increases as the 

illumination time increases at constant temperature. In this 
-....... 

situation, all of energy to cause the creation of defects is 

42 
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supplied by the light excitation. so, we can make the 

deduction from the experimentally observed creation of 

additional Si dangling bonds: the weak si-Si bonds break in 

the sample. Since the effect seems to be intrinsic to the pure 

a-Si:H network, it can only involve the breaking of Si-H or 

Si-si bonds. Breaking of the Si-H bond requires an energy 

3.5eV and can occur when a Si:H is irradiated with energetic 

particles (20], or when the material is annealed at 

temperatures above 400°C (21]. So, when the photon energy is 

as low as 1.5eV, the only possibility is the breaking of the 

weak Si-Si bond. We have also found that the density of light 

induced defects can return to its original value by annealing 

at 200°C in dark. Since the CPM method is insensitive to the 

surface in low energy region, we think the metastability 

results predominantly from a bulk effect. 

There is a lot of scope for further resear~h in this 

area. For instance, our work concentrates only on the creation 

of defects which result from the white light, but the relation 

between the photon energy (different wavelength) and the rate 

of creation of defects is not known. Although we think the 

Staebler-Wronski effect is predominantly the bulk effect, the 

effect and mechanism from the surface under illumination is 

still not known exactly. Although we can explain the S-W 

effect by using the potential well model, some basic facts, 

such as whether hydrogen is directly involved in the 

reversible process, still remain to be decided experimentally. 
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So, we think there is still much work needed to do for 

understanding the promising material. 
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APPENDIX 

some parameters of sample A and sample B (initial state) 

are shown in Table A.1 and Table A.2. The data of PDS are from 

the University of Kaiserslautern. 

Table A.1 

Comparison of Eg, E0 , and N
9 

of initial state of sample A 
using CPM and PDS 

Sample A Eg Eo Ns 

CPM 1.65±.005 0.053±.003 (9.26±.04)E15 

PDS 1.65 0.0524 1.8E16 

Table A.2 

Comparison of E9 , E
0 

and N9 of initial state of sample B using 
CPM and PDS 

Sample B Eg Eo Ns 

CPM 1.65±.004 0.054±.002 (3.44±.06)E17 

PDS 1.65 0.0551 7.3E17 
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